M
ultiple sclerosis (MS) is an autoimmune disorder of the central nervous system (CNS) that causes progressive neurologic disability by a combination of inflammation, demyelination, and axonal degeneration. Axonal degeneration and permanent disability may occur even at early stages of the disease. [1] [2] [3] Several observational studies using the Expanded Disability Status Scale (EDSS) to measure change in functioning over time have revealed much about the natural history of MS disability. 4, 5 Physical disability as measured by the EDSS has been shown to be reduced, compared to placebo, by several of the currently available disease-modifying treatments (DMTs) that have been approved by the US Food and Drug Administration (FDA) for relapsing forms of MS. However, 50% to 65% of MS patients may develop neuropsychological impairment during the course of the disease. [6] [7] [8] [9] [10] Because such impairment is a major cause of disability in MS patients, the importance of assessment of cognitive function in MS cannot be overestimated. [6] [7] [8] Neuropsychological symptoms in MS commonly involve attention span, processing speed, multitasking, and working memory. [7] [8] [9] [10] [11] Verbal fluency is typically spared, so that cognitive deficits may not be recognized in the absence of specific neuropsychological test-MS: processing speed, working memory, word retrieval, and executive functions. Baseline and follow-up testing are performed, allowing the efficacy of a DMT in preventing disability to be measured not only by the EDSS but also by neuropsychological status.
The current study was conducted to evaluate the effect of natalizumab treatment on neuropsychological function in individuals with relapsing-remitting multiple sclerosis (RRMS) who had a measurable neuropsychological deficit prior to the initiation of natalizumab.
Patients and Methods
This single-center, open-label, retrospective study involved 40 consecutive natalizumab-treated MS patients with a measurable neuropsychological deficit prior to natalizumab treatment. Male and female patients were eligible to participate if they had RRMS, were aged 18 to 60 years, had been administered a comprehensive neuropsychological evaluation prior to receiving natalizumab, and had received at least six treatments of natalizumab, with repeat neuropsychological testing. Posttreatment test results were compared with pretreatment results. None of the patients had significant concomitant illness, medication changes, or any other factor that might cause neuropsychological dysfunction. The study was approved by the BioMed Institutional Review Board. Because the analyses were retrospective and related to data used for routine treatment, no patient consent forms were necessary.
Each subtest of the neuropsychological evaluation specific for MS (Table 1 ) was rated as normal or abnormal, defined as one or more standard deviations (SD) from the norm. Each of the nine subtests was assigned a value of zero if normal or 0.11 if abnormal. 15 Therefore, a patient with a score of zero showed ing, which may not be performed until the deficits are advanced. Even in so-called benign MS, difficulty in the ability to process information may be great enough to prevent employment. 12 Neuropsychological deficits may be independent of physical disability. 6 Early cognitive impairment, however, may be associated with rapidly progressing physical disability as measured by the EDSS. 11, 13 Treatment with some DMTs appears to reduce neuropsychological impairment as compared with placebo. Weekly intramuscular (IM) interferon beta-1a (IFNb1a) has shown statistically significant neuropsychological benefit compared with placebo in a 2-year multicenter treatment trial using a comprehensive neuropsychological battery 14 and a computerized battery. 15 A 2-year trial with glatiramer acetate (GA) did not show any benefit over placebo with a comprehensive neuropsychological battery. 16 Other studies of patients treated with DMTs have shown some benefit in neuropsychological function as measured by the Paced Auditory Serial Addition Test (PASAT), but comprehensive neuropsychological testing was not performed. 17, 18 In an early study involving IFNb-1b, all but one neuropsychological function failed to show any improvement with treatment. 19 Natalizumab has been shown to significantly reduce neurologic disability as measured by the EDSS in the AFFIRM and SENTINEL trials. 20, 21 Additionally, improvements in PASAT scores in the AFFIRM and SENTINEL trials suggested a neuropsychological benefit compared with placebo. 18 To date, results from a comprehensive neuropsychological battery in patients assessed before and after treatment with natalizumab have not been published.
Because cognitive dysfunction is a significant cause of disability in MS patients, members of our MS center have long had a special interest in it. 9, 22 When appropriate, we perform not only yearly magnetic resonance imaging (MRI) studies to measure adequacy of a DMT but also a neuropsychological battery ( Table 1) that is similar to the Minimal Assessment of Cognitive Functions in Multiple Sclerosis (MACFIMS). 23 Unlike the MACFIMS, our battery is designed to avoid the confounding issue of motor movements in the measurement of cognitive abilities. Although similar to the MACFIMS battery in scope and length, the battery does not include tasks requiring motor output and thus does not assess visual memory. Tests included in the battery reflect the most common neuropsychological deficits in was performed on a 1.5-T magnet before initial treatment with natalizumab.
Treatment Effects
Comprehensive neuropsychological performance improved from a mean Neuropsychological Impairment Index score of 0.49 at baseline to a mean score of 0.41 at the time of retesting (P = .0002). Depression ratings on the BDI-II improved from a mean score of 13.30 to a mean score of 10.85 (P = .001). The mean EDSS score improved from 4.59 to 4.29 (P = .02). A total of 52.5% of patients showed neuropsychological improvement, while 30.0% showed no change and 17.5% had worsening. Although all three functional measures improved, there was greater improvement in cognition than in depression or disability rating. Analysis of variance adjusted for age and baseline values did not show any statistically significant correlations between cognition and depression or EDSS score with specified baseline conditions (Table 3) .
Safety
There were no adverse events associated with natalizumab in any of the 40 patients during the treatment period. There were no serious infusion reactions, laboratory abnormalities, or cases of progressive multifocal leukoencephalopathy (PML).
Discussion
This is the first study that we know of to demonstrate an improvement in cognition as assessed by a comprehensive neuropsychological battery with natalizumab treatment for patients with RRMS within a single year. Previous studies using comprehensive neuropsychological batteries have not consistently demonstrated improvement following treatment with other DMTs no cognitive dysfunction, since no test scores were at or more than one SD from the norm. A score of 0.22 indicated mild cognitive dysfunction, a score of 0.44 indicated moderate cognitive dysfunction, and a score of above 0.66 to 0.99 indicated severe cognitive dysfunction. Those values were summed to create a total Neuropsychological Impairment Index, with lower scores indicating impairment in fewer domains. If the impairment index score was 0.22 or higher, the patient was considered neuropsychologically "impaired" and qualified for enrollment in the study.
Our primary analysis compared the pre-natalizumab treatment Neuropsychological Impairment Index score to the posttreatment score. We also assessed changes in the Beck Depression Inventory-II (BDI-II) score, EDSS score, and MRI data, as well as prior DMT use.
Treatment and Procedures
Natalizumab, 300 mg, was given intravenously over 1 hour every 4 weeks, followed by a 1-hour observation period. Infusions were administered at the MS Center of Northeastern New York by an infusion nurse belonging to the International Organization of MS Nurse Specialists (IOMSNS). There were no changes in concomitant medications or illnesses that would affect neuropsychological testing results during the observation and testing periods.
Statistical Analyses
Comparison of baseline with posttreatment data was performed using the Wilcoxon signed rank test to calculate P values. Exploratory analyses for possible interactions between neuropsychological changes and EDSS score or depression were performed using analysis of variance (ANOVA) adjusted for age and baseline values.
Results

Baseline Characteristics
Of the 40 patients, there were 31 females (77.5%) and 9 males (22.5%). The mean (SD) age was 48.5 (6.87) years. The mean number of natalizumab infusions was 11.4. Prior DMT use included most FDAapproved medications and some immunosuppressants ( Table 2 ). The mean (SD) EDSS score at baseline was 4.59 (1.24). The mean (SD) BDI-II score at baseline was 13.3 (10.5). The mean (SD) neuropsychological impairment rating at baseline was 0.49 (0.21). Standard cranial MRI with and without contrast enhancement enced progression of disease with prior trials of DMTs (Table 2 ). Multivariate analyses indicated that improvement in cognitive impairment was independent of improvement in depression or physical impairment. Prospective studies are needed to confirm this observation.
Conclusion
The results of this study indicate that natalizumab therapy can stabilize or improve neuropsychological performance in a substantial proportion of MS patients. This finding is clinically relevant to a population that is expected to have progressive decline in neuropsychological function over time. Changes in neuropsychological function can be detected even in the absence of disease progression as measured by the EDSS. These results support the effectiveness of natalizumab therapy in the treatment of both physical disease activity and cognitive impairment in patients with RRMS. Testing for neuropsychological performance is an important component of overall evaluation of the physical, cognitive, and mental health of MS patients. A prospective multicenter trial is needed to confirm the preliminary results of this in MS. 19, 24 The ability to detect neuropsychological changes in such a small cohort of patients, in contrast to the failure to do so in much larger phase 4 clinical trials, points to either a stronger effect of natalizumab on cognition or the superior sensitivity of the test battery employed here. Moreover, individuals in this study showed some degree of cognitive impairment at baseline, which may not have been the case in other studies. Thus, our patients may have been better positioned to show measurable change.
Neuropsychological symptoms may be subtle, may be confused with depression or anxiety, or may be comorbid with mood disturbance. As shown by careful testing in other studies, cognitive impairment may be disabling even if the EDSS score is in the traditionally "benign" category. 12 Just as changes in physical disability may prompt a change in DMT, a decline in neuropsychological function may warrant a change in treatment in order to limit progression.
A comprehensive neuropsychological battery is needed to assess cognitive function in people with MS. The PASAT-3ʺ may be a useful screening test, but other evaluations are needed to achieve an understanding of overall neuropsychological function. The neuropsychological battery used in this study (Table 1) was adapted from the MACFIMS to avoid tasks requiring motor output. To ensure that not just one or two of the tests were significantly affecting the total Neuropsychological Impairment Index, an analysis of individual tests using the paired t test or Wilcoxon signed rank test was performed. The results indicated that there was no single individual test that influenced the impairment index as a whole.
This limited, retrospective study suggests that natalizumab may stabilize or even improve neuropsychological status in some RRMS patients with pre-existing neuropsychological deficits, including those who have experi- 
PracticePoints
• Neuropsychological dysfunction is the most common cause of disability in individuals with MS, affecting up to 65% of patients.
• Despite its high prevalence in MS, neuropsychological dysfunction is often overlooked, and recognition of impairments requires vigilance by patients and physicians.
• Natalizumab can have a stabilizing effect on neuropsychological dysfunction in MS patients. Some patients may experience a measurable improvement in cognitive function, independent of mood or physical function, after 6 months of treatment with natalizumab. 
